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Abstract 6 
Field and laboratory measurements identified a complex relationship between odour emission rates 7 
provided by the US EPA dynamic emission chamber and the University of New South Wales wind 8 
tunnel.  Using a range of model compounds in an aqueous odour source, we demonstrate that emission 9 
rates derived from the wind tunnel and flux chamber are a function of the solubility of the materials being 10 
emitted, the concentrations of the materials within the liquid; and the aerodynamic conditions within the 11 
device – either velocity in the wind tunnel, or flushing rate for the flux chamber.  The ratio of wind tunnel 12 
to flux chamber odour emission rates (OU m
-2
 s) ranged from about 60:1 to 112:1.  The emission rates of 13 
the model odorants varied from about 40:1 to over 600:1.    14 
These results may provide, for the first time, a basis for the development of a model allowing an 15 
odour emission rate derived from either device to be used for odour dispersion modelling. 16 
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 2 
1. Introduction 1 
A recent review collated the basic characteristics of about 90 devices in terms of 2 
dimensions, flushing rates and method of operation (Hudson and Ayoko, 2007).  It was 3 
evident that a range of very different devices are available to practitioners for emission 4 
rate measurements.  However, very little guidance exists to assist with the selection of a 5 
device [e.g. (Gostelow et al.,  2003; Irish Environmental Protection Agency, 2001)].  6 
The selection is further complicated because the limited comparison of emission rates 7 
undertaken to date indicates that two quite widely used devices may provide very 8 
different emission rate values for the same source.  For example, Jiang and Kaye (1996) 9 
found that emission rates for acetone, 2-butanone (MEK) and toluene, measured with 10 
the US EPA dynamic emission chamber (“flux chamber”) and a wind tunnel, varied by 11 
factors of 6.15, 1.75 and 1.03 respectively.  Our own measurements of odour emission 12 
rates using these two devices deployed on a number of different odour sources indicated 13 
that emission rates differ by factors of about 60:1 to about 240:1 (Hudson et al., 2008b).  14 
Previously Smith and Watts (1994a) indicated that emission rate estimates provided by 15 
other wind tunnels and chamber devices may differ by factors of about 7 to over 8,000.   16 
Emission rates derived from odour measurements are used as input to atmospheric 17 
dispersion models to predict likely impact on receptors.  It is important therefore that 18 
the emission rates predicted from samples collected from any device should represent 19 
those likely under entirely natural conditions.  This paper compares the emission rates 20 
derived from two commonly used devices.  We identified a relatively simple 21 
relationship between the rates of emission of model odorants provided by the two 22 
devices.  While a relationship also exists for odour emission rates, it is not as simple.  23 
 3 
We recommend that a wind tunnel device is a generally more suitable method for 1 
measuring odour emission rates, particularly when these are to be used for dispersion 2 
modelling.  This choice is further justified following comparison of wind tunnel 3 
emission rates with those derived from device-independent estimation techniques. 4 
2. Materials and methods 5 
2.1. Determination of odour concentrations and emission rates from field samples 6 
A pair of sampling devices – the UNSW wind tunnel (Jiang et al., 1995; Wang et 7 
al., 2001) and a US EPA dynamic emission chamber -“flux chamber”, (Klenbusch, 8 
1986) was installed on each of two surfaces - the uncovered surface of an anaerobic 9 
pond treating piggery wastes, and a permeable cover installed on the surface of a 10 
similarly sized and loaded anaerobic pond, adjacent to the uncovered pond.  These 11 
ponds were previously described in detail [Hudson et al. (2008a)], and the collection of 12 
odour samples was described previously by Hudson et al. (2007b; 2008b).  Odour 13 
samples were analysed using triangular-forced-choice dynamic olfactometry to 14 
determine the odour concentration as described previously (Hudson et al., 2007b).   15 
2.2. Collection of field samples of specific odorous chemicals for laboratory analysis 16 
Samples of odorants were collected using sorbent traps.  Samples were collected 17 
on tubes designed for the Gerstel® TDU system.  The glass tubes were 6 mm od x 60 18 
mm, with a bed of Tenax™ sorbent material (30 mm).  Samples were collected using 19 
vacuum pumps (SKC® PCXR8 with low flow adaptor) operated at a measured flow 20 
rate of 100 mL min
-1
.  Sample collection periods were either 30 or 60 minutes duration, 21 
 4 
providing sample volumes of 3 L or 6 L of air.  Samples were only collected from the 1 
surface of the uncovered pond. 2 
2.3. Collection of samples of specific odorous chemicals under laboratory conditions 3 
A frame was constructed from timber (1200 mm x 2200 mm x 200 mm) and 4 
covered with a high-density polyethylene liner.  This provided a tank that would allow a 5 
UNSW wind tunnel to be set up and operated immediately adjacent to a US EPA flux 6 
chamber.  The tank was part-filled with tap water.  A solution containing selected 7 
odorous chemicals was prepared and added to this tank and mixed well, following 8 
which the volume was made up to 250 L.  The identity of the odorants and initial 9 
concentration of the solution are indicated in Table 1.  The concentration of 2-butanone 10 
(MEK) was increased on 29/04/2007 by addition of an amount equivalent to the starting 11 
volume.  The sampling devices and ancillary equipment were set up in and adjacent to 12 
the tank in the same fashion as for conventional field sampling.   13 
Samples were collected from the wind tunnel over a period of 30 to 60 minutes, at 14 
flow rates between 50 and 150 mL min
-1
.  Under these conditions, between 2 and 6 L of 15 
air was passed through the Tenax trap.  Samples were also collected from the flux 16 
chamber over a period of 30 to 60 minutes, but at a single, reduced flow rate (50 mL 17 
min
-1
).  Under these conditions, between 1 and 3 L of air was passed through the Tenax 18 
trap.  All samples were analysed within 6 hours of collection. 19 
2.4. Analysis of specific odorous chemicals using GC-MS 20 
An Agilent 6890 GC, equipped with a Gerstel TDU inlet system was operated as 21 
follows: 22 
 5 
The initial TDU temperature of 15 °C was held for 1 minute, and then heated 1 
ballistically at 25 °C min
-1
 to a final temperature of 250 °C (held for 3 minutes).  The 2 
pneumatic system was set to solvent vent mode (analogous to splitless mode) for this 3 
operation. 4 
On completion of the TDU heating and cooling cycle, the CIS was heated from 5 5 
°C to 250 °C at 25 °C min
-1
, which was held for 1 minute.  The pneumatic system was 6 
operated in splitless mode during the sample transfer period.  The GC oven was 7 
programmed so that an initial oven temperature of 35 °C (held for 2 minutes), was 8 
followed by a multi-step heating program of 2 °C min
-1
 to 70 °C, 4 °C min
-1
 to 140 °C 9 
and 8 °C min
-1
 to a final temperature of 250 °C (held for 5 minutes).  The pneumatic 10 
system was operated in constant flow mode.  Helium carrier gas flow through the 30 m 11 
x 250 µm x 0.25 µm film thickness HP-5MS capillary column was maintained at 1.2 12 
mL min
-1
, giving a nominal velocity of 40 cm s
-1
.  13 
Initially materials eluted from the GC column were detected using an Agilent 5973 14 
mass-selective detector. It was operated in electron impact ionisation (EI) mode.  15 
Specific odorants were identified on the basis of retention times and their mass spectra.  16 
Quantification of specific odorants was made using chromatograms derived from the 17 
total ion chromatogram using the selected ion mode (SIM).  The samples of odorants 18 
collected under laboratory conditions were analysed using a flame ionisation detector, 19 
operated according to the manufacturers’ recommendations.   20 
 6 
2.5. Calculation of emission rates of specific odorous chemicals 1 
The amount of individual odorant chemical was determined following integration 2 
of the chromatogram by the Agilent™ ChemStation™ software.  The area counts of 3 
each of the odorants was normalised on the basis of the volume of air drawn through 4 
each tube during the sample collection.  This provided an area count/volume value ( C ), 5 
analogous to a concentration value (e.g. µg m
-3
). 6 
The normalised area count value was combined with the aerodynamic data for each 7 
sampling device to provide an emission rate (E), calculated for the wind tunnel using. 8 
Equation (1) and expressed in area counts m
-2
 s: 9 
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Equation (1) 
where  C  is the concentration of the odorant in the air sample [(area count) 10 
(volume value)
-1
], 
 
tV  is the wind speed inside the tunnel (m s
-1
), 
 
tA  is the cross 11 
sectional area of the tunnel (m
2
), and 
 
sA  is the surface area covered by the tunnel (m
2
). 12 
 E  was calculated for the flux chamber using Equation (2): 13 
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Equation (2) 
where  C  is the concentration of the odorant in the air sample [(area count) 14 
(volume value)
-1
],  f is the sweep air flow rate (m
3
 s
-1
) and  A  is the surface area 15 
covered by the flux chamber (m
2
). 16 
2.6. Calculation of odour emission rates 17 
The concentration data derived from the olfactometric assessment was combined 18 
with hydrodynamic data were combined to calculate the odour emission rate (OER or 19 
 E ) for each sample using Equation (1) for wind tunnel samples and Equation (2) for 20 
 7 
samples collected with a flux chamber; for odour emission rates however,  C  is the 1 
odour concentration in the sample (OU m
-3
) and OER is expressed in OU m
-2
 s (Hudson 2 
et al., 2007b).  Each emission rate estimate is based on a pair of samples collected with 3 
each device.   4 
2.7. Statistical and graphical analysis 5 
All statistical and graphical analysis was undertaken using Microsoft Excel™ or 6 
Systat v12 (Systat Software, Inc.). 7 
3. Results and discussion 8 
3.1. Comparison of odour emission rates 9 
Our previous publication compared emission rates derived from samples collected 10 
with a flux chamber and wind tunnel on a range of sources (Hudson et al., 2008b).  The 11 
results from more recent measurements are summarised in Figure 1.  The mean ratio of 12 
odour emission rate (OU m
-2
 s) for the samples derived from the permeable cover (58.4, 13 
standard deviation 30.3) was very similar to that previously reported (60 OU m
-2
 s), 14 
while the average ratio for the liquor surface was higher for these samples (131, 15 
standard deviation 93.8; previous average 69 OU m
-2
 s).  The emission rate for the wind 16 
tunnel was consistently larger than that of the flux chamber, as previously observed for 17 
all surfaces.   18 
The nature of the relationship between emission rates of the two devices was also 19 
quite similar to that observed previously for surfaces of this nature (Hudson et al., 20 
 8 
2008b).  For the liquor surface sample, the relationship is described by Equation (3), 1 
while for the permeable cover it is described by Equation (4): 2 
11.293.28 fcwt OEROER  Equation (3) 
7.8643.107 fcwt OEROER  Equation (4) 
where wtOER  and fcOER  are the odour emission rate derived from the wind tunnel 3 
and flux chamber respectively.  The relationships described previously were derived 4 
from odour emission rate estimates from four separate ponds over a period of more than 5 
24 months (Hudson et al., 2008a; Hudson et al., 2008b).  Only two of these ponds are 6 
represented in the current measurements, and during the fieldwork described in this 7 
paper, samples were collected over a six-week period some time following completion 8 
of the original investigation.  Despite these differences, a close similarity of the wind 9 
tunnel to flux chamber relationship for these two surfaces exists over time, indicating 10 
that this relationship is reasonably consistent and repeatable.   11 
3.2. Comparison of odorant emission rates – field samples 12 
Considerable technical difficulty was experienced when collecting samples under 13 
field conditions to compare rates of emission of specific odorous chemicals.  During our 14 
investigation, the condensation of water vapour within the flux chamber and sample 15 
lines was extreme at times, causing droplets of water to form within and move along the 16 
Teflon™ sample lines used to connect the flux chamber to the sorbent tubes.  Many 17 
samples were discarded because obvious moisture could be seen in the Tenax™ sorbent 18 
bed within the glass VOC sample tubes.  The analysis of other samples had to be 19 
abandoned because excess moisture threatened to compromise the analytical column 20 
 9 
and/or the mass spectrometer.  Results for the limited number of samples where analysis 1 
was possible are provided in Table 1.  Reasonably consistent ratios of wind tunnel to 2 
flux chamber emission rates were obtained for both phenol and para-cresol, 3 
characteristic piggery odorants (Schiffman et al., 2001; Trabue et al., 2008; Cai et al., 4 
2006).  The results for three other piggery odorants were less consistent, but clearly 5 
indicated a large wind tunnel to flux chamber emission rate ratio.  While the magnitude 6 
of the ratio of emission rates for 4-ethyl phenol, indole and skatole may be questioned, 7 
the emission rate derived from the wind tunnel samples was always much larger than 8 
that obtained from the flux chamber.  Previous measurements of odour emission rates 9 
from a number of sources indicated ratios of about 60:1 to about 240:1 (wind tunnel to 10 
flux chamber) (Hudson et al., 2008b; Hudson et al., 2008a).  The ratios of odorant 11 
emission rates were therefore consistent with the odour emission rates. 12 
3.3. Comparison of odorant emission rates – laboratory samples 13 
Samples of volatile chemicals in air samples derived from a wind tunnel and flux 14 
chamber were collected and analysed to address three objectives: 15 
1. To compare emission rates from the wind tunnel and flux chamber, derived 16 
from samples collected under identical conditions, positioned side-by-side 17 
(such comparison, with emphasis on specific odorants, has not been 18 
undertaken previously); 19 
2. To determine the relationship between wind speed within the wind tunnel 20 
and emission rate, and 21 
 10 
3. To determine the relationship between flushing rate and emission rate for 1 
the flux chamber. 2 
3.3.1. Comparison of wind tunnel and flux chamber odorant emission rates 3 
The condensation of moisture within the Tenax™ sample tubes described earlier 4 
caused a serious malfunction in the mass-selective detector.  As a consequence, it was 5 
necessary to quantify the odorants using a flame ionisation detector.  This made 6 
quantification of the discrete odorant peaks more difficult – the peaks were not perfectly 7 
resolved, a situation that may be overcome simply if a mass selective detector operated 8 
in selected-ion mode is used for detection and quantification.  Despite this difficulty, 9 
credible results were obtained for four of the five chemicals selected for the trial.   10 
The relationship between wind tunnel and flux chamber emission rates for these 11 
chemicals are summarised in Figure 2.  This Figure shows data derived from a series of 12 
paired samples collected over a 12-hour period.  During this period, the wind tunnel 13 
velocity and flux chamber flushing rates were held constant at the values indicated.  14 
There is a distinct linear relationship between the emission rates for the two devices for 15 
each chemical.  The nature of the relationship between emission rates of each devices is 16 
however quite different for each chemical.  The relative order of ratios of emission rate 17 
appears to be related to the solubility of each chemical.  Figure 3 shows a plot of ratio of 18 
emission rate against log of the solubility of the test chemicals.  The relationship 19 
between the ratio of wind tunnel to flux chamber emission rate and solubility for 20 
samples collected on this day is described by Equation (5): 21 
 11 
887.3solubility1555.3 10Log
ER
ER
fc
wt  
Equation (5) 
where solubility  is the solubility of the chemical (mol m
-3
).  This is the first time 1 
a credible explanation for the difference in emission rates produced by the two devices 2 
has been identified.  We propose that the relationship identified in Equation (5) will 3 
only hold true for a given set of circumstances, specifically: 4 
1. Reasonably stable concentrations of odorants in the liquid phase during the 5 
sampling period, and 6 
2. Constant flushing rates for both wind tunnel and flux chamber during the 7 
sampling period. 8 
Figure 4 demonstrates that our proposal appears to hold true over a period when 9 
concentrations are steadily decreasing, and where a step-change in solubility takes 10 
place.  Over the period 25 April 2007 to 31 April 2007, volatile chemicals were being 11 
emitted from the liquid surface.  This was obvious to anyone entering the experimental 12 
facility, where the distinctive odour of these chemicals could be detected.  In addition, 13 
the operation of the wind tunnel and flux chamber over periods of hours actively 14 
encouraged emission of these odorants.  As a consequence, the concentration of 15 
odorants in the test solution was steadily decreasing over time.  This was also evident 16 
from the normalised “mass” of odorant (from the area count/volume), which decreased 17 
as the concentration in the liquid decreased.  The series of relationships for the period 18 
25 April 2007 to 28 April 2007 are approximately parallel.  While the slope of these 19 
lines does vary slightly, it is the intercept which changes the most. 20 
 12 
The curve for 1 May 2007 describes a different set of environmental conditions.  1 
Additional 2-butanone (MEK) was added to the liquid solution to increase the 2 
concentration and thereby allow the collection of additional data for this chemical.  As 3 
the most soluble chemical in the test system, we propose that the addition altered the 4 
experimental conditions for all chemicals (e.g. increased the solubility of the least 5 
soluble test chemicals), thereby altering the ratio of emission rates. 6 
While the last point above remains speculative, it is consistent with the other data.  7 
We are quite confident however that a relationship between a wind tunnel and flux 8 
chamber could be developed for a range of other chemicals.   9 
3.3.2. The relationship between wind speed within the wind tunnel and emission rate 10 
We previously collected a limited number of odour samples from two sources 11 
using a wind tunnel operated over a range of wind speeds.  These data are presented in 12 
Figure 5.  The experimental methods were previously described by Hudson et al. 13 
(2008b).  There is a clear relationship between wind speed and emission rate.  It is quite 14 
consistent with previously reported work (e.g. Rathbun and Tai (1987; 1986), who 15 
demonstrated a strong relationship between gas-phase turbulence and emission rate for 16 
selected chemicals over a velocity range of 0.1 to 2.0 m s
-1
).  The wind tunnel was 17 
deliberately operated over a velocity range outside that recommended by Jiang et al. 18 
(1995) - ca. 0.3 m s
-1
.  Despite the application of “extreme” operating conditions, the 19 
relationship could still be described adequately using a simple linear equation.  There 20 
was no sign of anomalous behaviour at velocities extending to about 3 m s
-1
, ten times 21 
larger than the recommended velocity. 22 
 13 
The rates of emission of specific odorants were determined on samples collected 1 
over a range of wind tunnel velocities.  The results for two representative odorants are 2 
shown in Figure 6 (left).  The emission rates increased linearly with tunnel wind speed.  3 
The magnitude of the increase in emission rate was dependent on the concentration in 4 
the emitting material, as shown by a decrease in emission rate at given wind tunnel 5 
velocity over time. These results were consistent with the relationship between odour 6 
emission rate and wind tunnel velocity described in the precious paragraph. 7 
3.3.3. The relationship between flux chamber flushing rate and emission rate 8 
When originally describing the performance of the US EPA flux chamber, 9 
Klenbusch (1986) did not discuss gas-phase control of volatile materials.  Jiang and 10 
Kaye (1996) identify the absence of an established relationship between air flow rate 11 
and emission rate, and failure to consider the role of turbulence in the emission process, 12 
particularly for odorants with small dimensionless Henry constant values, as distinct 13 
limitations to the use of this device.  Earlier Klenbusch and Ranum [cited by (Gholson 14 
et al.,  1989)] had identified that emission rate increased with flushing rate.  Gholson et 15 
al. (1989) repeated this assessment and reported their results in Table 7 of their report.  16 
If their data are plotted however, there is no increase in emission rate with flushing rate 17 
and a linear regression model fitted to their data has a slight negative slope.   18 
However, Figure 6 (right) of this work describes the relationship between emission 19 
rate and flushing rate for two model odorants sampled with the US EPA flux chamber.  20 
When operated over a considerable range of flushing rates (1 to 12 L min
-1
), the 21 
relationship appears to be as linear and reproducible as that of the wind tunnel.   22 
 14 
Our results are supported by those of Cooper et al. (1992) and Reinhart (1992), 1 
who developed and evaluated dome- and flat-topped chambers for determining 2 
emissions from municipal solid waste sites.  They demonstrated a relationship between 3 
emission rate and flushing rate for both these devices.  They attributed this behaviour to 4 
disruption of laminar (presumably non-turbulent) characteristics within the chamber.   5 
3.4. Synthesis – rationalising the relationship between odour emission rates derived 6 
from these two devices 7 
Our previous work (Hudson et al., 2008b) revealed that there was a relationship 8 
between odour emission rates measured using these two devices from a range of 9 
sources.  We proposed that these might be a function of characteristics of the emitting 10 
surface – decreased porosity in the case of solid surfaces such as feedlot pads, or 11 
addition of an additional resistance factor in the case of a permeable membrane.  The 12 
current work, however, suggests more positively that there is a relationship between 13 
emission rates derived from these two devices, and that it is the identity and 14 
concentration of the volatile material (“odorants”) that dictates the ratio of wind tunnel 15 
to flux chamber emission rate. 16 
Consider the case of emissions from an uncovered anaerobic pond or from a cover 17 
on an anaerobic pond.  Figure 2 of our previous work (Hudson et al., 2008b) showed 18 
that two linear relationships existed.  The current work allows us to hypothesise that the 19 
difference in slope is principally an indicator of difference in concentration, while 20 
difference in the intercept is an indicator of differences in chemical composition (i.e. the 21 
specific chemicals comprising the odour).  In the case of the covered pond, our work 22 
 15 
has demonstrated that hydrogen sulphide, ammonia-N and other odorants accumulate in 1 
the liquor of a covered pond and are present in emissions from the cover surface 2 
(Hudson et al.,  2007a).  Hydrogen sulphide is not a dominant odorant from 3 
conventional, uncovered pond treatment systems in Australia.  The presence of 4 
hydrogen sulphide in the liquor of covered ponds therefore influences the composition 5 
of the odour sample – this is seen as a different relationship between the wind tunnel 6 
and flux chamber emission rate, with a different intercept.  The slope of the wind 7 
tunnel-flux chamber samples has a lower slope than that of the uncovered surface – this 8 
reflects the lower concentration of odorants. 9 
The same hypothesis may be offered for wet and dry feedlot samples.  Wet feedlot 10 
samples have much higher odour concentrations (steeper slope) than those of dry feedlot 11 
pad samples, while the composition of the odour is also different (smaller y-axis 12 
intercept).  The wet feedlot pad has higher concentrations of volatile fatty acids and 13 
phenols than a dry feedlot pad.  Previously we identified a difference in the ratio of 14 
wind tunnel to flux chamber emission rate as a function of pad moisture content.  The 15 
current work refines this hypothesis and suggests that it is the change in odorant 16 
composition that arises from metabolic activity (leading to increases in odorant 17 
concentrations) within the wet feedlot pad that actually causes the difference in 18 
emission rate estimate. 19 
3.5. Selection of sampling device to provide input to odour dispersion models 20 
This work, our previous work and all other comparisons of wind tunnel and flux 21 
chambers have indicated quite significant differences in emission rates when different 22 
 16 
devices were used to collect the samples (tens to hundreds of times different).  It would 1 
clearly be inappropriate to interchange emission rate values derived from these devices 2 
as inputs to odour dispersion models.  What guidance do these results give in selection 3 
of odour sampling equipment? 4 
The literature indicates that aerodynamic factors must be considered when 5 
measuring emission rates.  Ryden and Lockyer (1985) demonstrated that a wind tunnel 6 
would only provide realistic estimates of ammonia emission rates relative to those 7 
estimated using device-independent techniques, when the wind tunnel velocity was 8 
matched to the ambient wind speed. 9 
Smith (1995; 1993) and Smith and Watts (1994b) demonstrated that wind tunnel 10 
estimates of odour emission rate could be validated using a device-independent, 11 
downwind, back-calculation method.  Galvin et al. (2004) used the same technique to 12 
validate odour emission rates derived from wind tunnel samples collected from the 13 
surface of anaerobic ponds.  These examples demonstrate that emission rate estimates 14 
derived from wind tunnels are numerically similar to those derived from downwind 15 
samples and back-calculation using a relatively simple Gaussian model.   16 
In contrast, Sattler and McDonald (2002) tried to correlate hydrogen sulphide 17 
emissions (measured with a flux chamber-like device) from a wastewater works, to 18 
community responses.  It was necessary to adjust the emission rate estimate to account 19 
for the influence of wind effects before the modelled concentrations could be related to 20 
community responses.  To our knowledge, no other attempt has been made to relate 21 
emission rates derived from flux chambers to likely receptor impacts using factors to 22 
correct for wind effects. 23 
 17 
This work indicates that it is possible to relate wind tunnel and flux chamber 1 
emission rates.  Our previous work demonstrated that different, quite repeatable 2 
relationships exist for at least four odour sources.  Further refinement of these 3 
relationships may enable use of emission rates estimates derived from either wind 4 
tunnels or flux chambers to be used as model inputs.  Until the accuracy, repeatability 5 
and precision of these relationships have been improved, however, we recommend that 6 
wind tunnels continue to be used to provide input to dispersion models. 7 
4. Conclusions  8 
Our work has identified that: 9 
1. A relationship exists between odour emission rates measured using the 10 
UNSW wind tunnel and US EPA flux chamber – it is complex, however 11 
and cannot be explained fully at present; 12 
2. Using a range of model compounds in an aqueous odour source, we have 13 
convincingly demonstrated that a simpler relationship exists between 14 
emission rates measured using the wind tunnel and flux chamber;  it is a 15 
function of the solubility of the materials being emitted, and the 16 
concentrations of the materials within the liquid; 17 
3. Emission rates determined with both the wind tunnel and flux chamber are 18 
a function of aerodynamic conditions within the device – either velocity in 19 
the wind tunnel, or flushing rate for the flux chamber. 20 
4. While it may be possible to use our published wind tunnel to flux chamber 21 
emission rate relationships to adjust flux chamber emission rates for input 22 
to odour dispersion models, we recommend that the reliability of these 23 
relationships be improved through additional targeted research.  24 
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Table 1.  Initial concentration and properties of odorants selected for 2 
laboratory emission rate measurements 3 
Chemical 
Initial 
concentration of 
solution  
(g m
-3
) 
Solubility 
(mol m
-3
) 
Henry constant 
(Pa m
3
 mol
-1
) 
2-butanone (methyl ethyl 
ketone, MEK) 27.6 
3097 5.7654 
phenol 25.2 1150 0.0337 
4-methyl phenol (para-cresol) 24.8 299 0.1013 
indole 24.2 49 0.0535 
toluene 37.4 7 672. 8 
 4 
 5 
Table 2.  Ratio of emission rate values, collected under field 6 
conditions 7 
Volatile chemical  
(mass of selected ion used for 
quantification) 
Statistics, ratio WT:FC  
emission rate 
N Mean Median Min Max 
Std. 
Dev. 
Benzoic acid  
(m z
-1
 105) 2 86.4 86.4 79.6 93.2 9.6 
phenol (m z
-1
 94) 8 33.7 30.3 20.3 48.7 11.1 
p-cresol (m z
-1
 108) 8 35.1 38.1 22.1 43.2 7.9 
4-ethylphenol  
(m z
-1
 122) 2 639.7 639.7 588.5 691 72.4 
indole (m z
-1
 117) 2 535.4 535.4 245.5 825.4 410.1 
skatole (m z
-1
 131) 2 91.4 91.4 57.8 125.1 47.6 
 8 
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Figure 1.  Comparison of odour emission rates derived from samples 2 
collected with a UNSW wind tunnel and US EPA flux chamber. 3 
 4 
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 3 
Figure 2.  Comparison of odorant emission rates derived from 4 
samples collected with a UNSW wind tunnel and US EPA flux chamber.  5 
(Wind tunnel velocity 0.231 m s-1, flux chamber flushing rate 8.33 x 10-5 m3 6 
s-1) 7 
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 3 
Figure 3.  Relationship between ratio of odorant emission rates by 4 
device and solubility of odorant (wind tunnel velocity 0.231 m s-1, flux 5 
chamber flushing rate 8.33 x 10-5 m3 s-1) 6 
 7 
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 4 
Figure 4.  Relationship between ratio of odorant emission rates and 5 
solubility of odorant.  (Different wind tunnel velocities and flux chamber 6 
flushing rates on each day) 7 
 8 
 9 
10 
 27 
 1 
 2 
 3 
y = 11.252x + 1.6573
R
2
 = 0.8251
y = 16.185x + 9.0628
R
2
 = 0.9395
y = 3.8937x + 6.581
R
2
 = 0.9754
0
5
10
15
20
25
0 0.5 1 1.5 2 2.5 3 3.5
Wind tunnel velocity (m s
-1
)
O
d
o
u
r 
e
m
is
s
io
n
 r
a
te
 (
O
U
m
-2
 s
)
Feedlot pad Holding pond Feedlot pad 2
Holding pond Feedlot pad Feedlot pad 2
 
 4 
Figure 5.  Relationship between odour emission rate and wind tunnel 5 
velocity on two emitting surfaces 6 
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 2 
Figure 6.  Relationship between odorant emission rates and wind tunnel (WT) 3 
velocity and flux chamber (FC) flushing rate for selected representative 4 
odorants 5 
